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Symbiotic forms of cyanobacterial cultures, namely Anabaena azol/ae AS-DS and A azol/ae SKs. and the free-living 
forms, namely A variabiJis SAo, A. variabi/is SA" Nos toe muscorum SK and N. muscorum DOH were immobilized in 
polyurethane foam (PUF) and examined fo r ammonia excretion, growth and nitrogenase activity. Good growth was 
estab-lished in three weeks, after which the PU foam-immobilized cyanobacterial cultures were treated with Bavistin, a 
systemic fungicide, at 5 p.p.m. Ammonia excretion was enhanced by Bavistin, whilst glutamine synthetase activity was 
markedly inhibited. Bavistin treatment stimulated growth and nitrogenase activity of the cyanobacterial cultures. 
A. azollae AS-OS and A. variabiJis SA, recorded a higher protein content with Bavistin treatment. The chlorophyll-a 
content of A. variabilis SAo, A. azollae AS-OS, N. muscorum SK and N. muscorum DOH was significantly increased. 
A. variabilis SA1 recorded higher C-allophycocyanin and C-phycoerythrin. Carotenoid content was increased in A. 
variabilis SA" A. azollae AS-OS, A. azollae SKs and N. muscorum SK. The cyanobacterial cultures A. variabilis SA, 
and N. muscorum SK have registered significantly higher total carbohydrate levels on treatment with Bavistin. 
Keywords : Ammonia excretion, Bavistin, chlorophyll, cyanobacteria, growth, immobilization, nitrogenase, phycobilin , 
protein, rice. 
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Introduction 
The water ferns (Azolfa spp.), in association with their cyanobac-
terial symbiont Anabaena azollae, fix significant amounts of 
atmospheric nitrogen and produce 20--25 tonnes fresh biomass 
per hectare (10 000 m') of rice field in 3-4 weeks (Kannaiyan 
1992a & b). The symbiont is associated with the upper leaf lobe 
of Azofla spp. where it continuously fixes significant amounts of 
nitrogen (Shi & Hall 1988). Azalia biofenil izer is known to con-
Iribute 40-60 kg N ha" (Kannaiyan 1993). About 40% of the 
total nitrogen fixed by the symbiotic A. azollae isolated from 
Azoila caroiilliana was found in the suspension medium as 
ammoniacal nitrogen (Peters et al. 1980; Meeks et al. 1985), 
Ammonia excretion by A_ azollae strains isolated from A. filicu-
foides and A. micropltyLJa under free-living conditions in N-free 
medium was demonst rated by Samal and Kannaiyan (1992). 
A. azollae and A. variabilis, when immobilized in polyurethane 
and polyvinyl foams and calcium alginate beads, have been 
shown to release ammonia extracellularly (Kerby el al. 1986; 
Brouers el al. 1988; Samal & Kannaiyan 1992). Significantly 
higher quantities of ammonia were excreted by Anabaena sp. 
immobilized in polyurethane foam in the presence of the 
glutamine analogue. MSX (L-methionine DL sulphoximine) 
(Brouers & Hall 1986; Shi et al. 1987; Kannaiyan el at. 1992) . 
Kannaiyan et af. (1993) have shown that the systemic fungicide 
Benlate (methyl-I-butyl-carbamoyl-2 benzimidazole carbamate) 
stimulated ammonia production by A. azoilae in the immobilized 
state in a photobioreactor system. In the present study we report 
on the innuence of Bavistin, a systemic fungicide, on ammonia 
excretion by cyanobacteria in the immobilized state in PU foam. 
Bavistin is largely used for controlling diseases in rice fields 
(Kannaiyan 1987) and this fungicidal effect on ammonia excre-
tion could be better exploited in wetland rice field ecosystems for 
increasing the rice production. 
Methods 
An experiment was conducted to study the effect of Bavistin 
(Carbendazim) on ammonia excretion by cyanobacteria in the immo-
bilized state in polyurethane foam . In addition, the effect of Bavistin 
on the growth and pigment concentration. glutamine synthetase and 
nitrogenase activities, protein and total carbohydrate contents of 
immobilized cyanobacteria were studied. Polyurethane foam (PUF) 
was cut into 5-mm cubes. soaked and washed well in distilled water. 
Two grams of the cubes were placed in a conical flask containing 
150 ml of N-free BO-ll medium (Stanier et al. 1971) and sterilized. 
Actively growing cultures of Anabaena variabilis SAo (T I ), A. varia-
bilis SA, (T,), A. azollae AS-DS (T,), A. azollae SK, (T,), Nostoc 
muscorum SK (TI ) and N. muscorum DOH (T6) were used as inocu-
lae at 5 ml per flask. The flasks were incubated under a light source 
of 85 ].lE m-2 S-I at 28 ± 1°C. After three weeks. when good growth 
was established, 5 ml 0[0.15 mg ml-1 Bavistin solution was added to 
each of the immobilized cyanobacterial cultures. The final concen-
tration of the Bavistin in the cultures was 4.8 p.p.m. The cultures not 
treated with Bavistin were maintained as controls . Sixty hours after 
Bavistin treatment commenced. the culture filtrate was analysed for 
its ammonia content. 
Estimation of ammonia production 
The ammonia excreted by the immobilized cyanobacterial cu ltures 
treated with Bavistin was determined by the method of Solorzano 
(1969). The concentration of ammonia was calculated from the 
standard graph, using ammonium chloride as standard and expressed 
as nmoles mI-1 of culture filtrate. 
Preparation of the cyanobacterial suspension 
Polyurethane foam-immobilized cyanobacterial cultures were trans-
ferred to a sterile mortar. The cultures were released from the foam 
by gently crushing with a pestle. A final volume of I SO m1 of the cul-
lure suspension was obtained. 
Estimation of growth 
The optical density of 5.0 ml of the cyanobacterial suspension was 
read in a Beckman DU-64 spectrophotometer at 750 nm. Growth 
was expressed as optical density at 750 nm. 
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Figure 1 Effect of Bavistin on ammonia ex.cretion by cyanobacte-
ria in the polyurethane foam-immobilized condition. 
Estimation of pigments 
The phycobi lins C-phycocyanin. C-aUophycocyanin and C-phyco-
erythrin were estimated using the procedure developed by Bennett 
and Bogorad (1971). Ten millilitres of the cyanobacterial suspension 
were cenl rifuged and the pellct was suspended in 2-3 ml of 0.05 M 
phosphate buffer at pH 6.8 and subjected to repeated freezing and 
thawing until a colourless supernatant was obtained. The pigment 
absorption was measured at 562, 615 and 652 nm in a Beckman 
DU-64 spectrophotometer and the phycobilin concentration was 
expressed as ~g ml~1 of culture suspension. 
Carotenoid content of the immobilized cyanobacterial cultures 
was determined by the procedure given by Siegelman and Kycia 
(1978). Ten millilitres of the cyanobacterial suspension were centri-
fuged and the pellet was washed 2-3 times with distilled water. Two 
to 3 ml of 85% acetone was added to the pellet and subjected to 
repeated freezing and thawing unti l a colourless supernatant was 
obtained. The absorbance of the combined supernatants was meas-
ured at 450 and 750 nm in a Beckman DU-64 spectrophotometer and 
the carotenoid concentration was expressed as ~g ml-I of the culture 
suspension. 
Chlorophyll-a content was estimated by the method of Talling and 
Driver (1 961). Ten milJilitres of the culture suspension were ex trac-
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Figure 2 Effect of Bavistin on glutamine synthetase activity of 
polyurethane foam-immobilized cyanobacteria. 
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Figure 3 Effect of Bavistin on the growth of cyanobacteria in the 
polyurethane foam-immobilized condition. 
ted in 10 mJ of 90% methanol and centrifuged. The pellet was resus-
pended in 100% methanol and stored at 4°C in the dark for 8 h. The 
absorbance of the supernatant was measured at 665 nm in a Beck-
man DU-64 spectrophotometer. The chlorophyll -a content was cal-
culated and expressed as)Jg ml -] of the culture suspension. 
Estimation of total carbobydrates 
Total carbohydrate content of the immobilized cyanobacterial cul-
tures was determined using anthrone reagent (Morris 1948). To 
0.2 m! of the cyanobacterial suspension, 1.8 ml of distilled water and 
4.0 ml of anthrone reagent were added and kept in a boiling water 
bath fo r 10 min. The tubes were cooled and the absorbance was 
measured at 620 om in a Beckman DU-64 spectrophotometer. The 
total carbohydrate content was calculated from the standard graph 
using glucose as standard, and expressed as )Jg ml' ] of the culture 
suspension. 
Protein and amino nitrogen analysis 
Protein content was determined by the method developed by Brad-
ford (1976). Five millilitres of the cyanobacterial suspension were 
extracted with 2 ml of 0.1 M phosphate buffer pH 7.0. The extract 
was centrifuged at 4 000 r.p .m. for 5 min and the clear supernatant 
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Figure 4 Effect of Bavistin on the protein content of cyanobacte-
ria in the polyurethane foam-immobilized condition. 
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Figure 5 Effec t of Bavistin on amino nitrogen contents in cyano-
bacteria immobilized in polyurethane foam. 
was collected. To 0.1 011 of the supernatant, 5.0 ml of Bradford's rea-
gen t was added and the absorbance of the blue colour developed was 
read at 595 nm in a Beckman DU-64 spectrophotometer. The protein 
concentration was calculated from the standard graph using bovine 
serum albumin as standard . and expressed as llg ml- · of the cultu re 
suspension. 
Amino nitrogen content of the immobilized cu ltures was deter-
mined by the method of Spies (1955), A D.1-ml aliquot of the cyano-
bacterial extracl was made up to 1.0 ml with distilled water, and 5.0 
ml of ninhydrin reagent was added to it. The tubes were kept in a 
boiling water bath for 12 min. The tubes were cooled and the absorb-
ance was read at 570 nm in a Beckman DU-64 spectrophotometer. 
The amino acid content was calculated from the standard graph 
using lysi ne as standard. multiplied by the factor 14/7~ and the amino 
nitrogen content was expressed as ~g mi ' ) of the cu lture suspension. 
Estimation of glutamine synthetase (GS) activity 
The activity of glutamine synthetase was determined by the method 
of Shapiro and Stadruan (1970). Five millilitres of the cyanobacterial 
suspension were extracted in 2 ml of 20 mM Tris-HCI buffer, pH 8.0. 
This was centrifuged at 4000 r.p.m. for 5 min and the supernatant 
was used as enzyme source. To a reaction mixture containing 2.0 rul 
of 0.005% L-glutamine. 0.5 ml of 5% sodium arsenate, 0.3 ml of 
0.83% manganese chloride. 0.5 mt of 2.7% hydroxylamine and 0.5 
mt of 0.4% adenosine diphosphate. 0.2 rul of enzyme source was 
Table 1 EHect of Bavistin (5 p.p.m.) on chlo-
rophyll-a content in cyanobacteria immobi-
lized in polyurethane foam 
Chlorophyll-a ( ~g mr') 
Cyanobacterial cultures Conlrol Bavistin 
Anabaena variabilis SAu 8.04 8.59 
A. varjabili.~ SAl 5.04 5.15 
A. azollae AS-OS 7.97 8.74 
A. azollae SK(i 4.44 4.46 
NoStOL' musl:orum SK 7. 14 7.38 
N. tnUSl:orum DOH 7.60 7.81 
Standard deviation: 0.11: critical difference: 0.22 
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Figure 6 Effect of Bavistin on the nitrogenase activity in cyano-
bacteria immobilized in polyurethane foam. 
added and incubated at 37°C for 30 min, The reaction was slopped 
by adding 1.0 ml of 4% TCA-ferric chloride mixture. The brown col-
our developed was read at 540 nm in a Beckman DU-64 spectropho-
tometer. The enzyme activity was expressed as nmoles of -r-glutamyl 
hydroxamale produced (mg protein) ·t min·1 • 
Estimation of nitrogenase activity 
An acetylene reduction assay for estimating the nitrogenase activity 
was done according to the method of Hardy ec al. (1969). Cyanobac-
te rial cultures immobilized in 0.2 g (fresh weight) polyurethane 
foam were incubated for 12 h under an atmosphere of 10% acetylene 
in seaJed vials. These vials were incubated at 26 ± 1°C and at 85 IJE 
01 -2 S-l light intensity. Ethylene was measured with a Chemito 2865 
gas chromatograph equipped with a Poropak (801100 mesh) column, 
1.8 m x 0.35 cm. The column temperature was maintained at 80°C 
and the carrier gas was nitrogen. Peak height of ethylene produced 
was measured and recorded and the nitrogenase activity was 
expressed as nmoles ethylene produced min·1 (g dry weight)" l. 
Results 
Bavistin at approximately 5 p.p.m. was found to have a stimula-
tory effect on ammonia excreted by all the immobilized cyano-
bacteria (Figure 1). The cyanobacterial symbiont A. azollae AS-
DS recorded maximum ammonia release of 1 200 nmoles mI", 
Table 2 Effect of Bavistin (5 p.p.m.) on phy-
cocyanin content in cyanobacteria immobi-
lized in polyurethane foam 
Phycocyanin (J.1g mi '!) 
Cyanobacterial cultures Control Bavistin 
Anabaena variabilis SAo 24. 18 24.88 
A. variabiliJ SAl 10.43 10.50 
A. azollae AS-OS 21.23 21.56 
A. azol/ae SKI; 9.78 9.90 
NOJtol: mus(."orum SK 19.00 19.72 
N. mus(."orum DOH 20.00 20.14 
Standard deviation: 0.54: critical difference: 1.11 
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Table 3 Effect of Bavistin (5 p.p.m.) on allo-
phycocyanin content in cyanobacteria immo-
bil ized in polyurethane foam 
Allophycocyanin ().1g ml '! ) 
Cyanobacterial c ultu res Control Bavisti o 
AIl(Jbaena variabilis SAn 6.4 7.9 
A. variabilis SA I 4.2 4.6 
A. a?ollae AS· DS 7.2 7.7 
A. azolfae SKI> 4.0 4.5 
NO,HOL" InU.H;orlllll SK 6.8 7.2 
N. mU.~I..·(lrum DOH 6. 1 6.3 
Standard deviatio n: 0.55; critical difference: 1. [5 
which is fouT limes hig her than that of the untreated sample. In 
general, a 2-5-fold increase in ammonia excretion was recorded 
by Bavistin-treated cyanobacterial cultures. 
A signi fica nt decrease in the activity of the ammonia assimi-
lating enzyme. glutamine synthetase. was noticed in all the 
cyanobacterial cultures treated with Bavistin (Figure 2). All the 
stati stical calculations were considered at the 5% level of proba-
bility. 
A significant increase in growth was recorded by A. azollae 
AS-DS. A. variabilis SAu and A. azol/ae SKn when compared 
with untreated cultures (Figure 3). The protein content of A. azol-
fae AS-DS and A. variabilis SAl was higher in the cyanobacteria 
treated wi th the Bavistin (Figure 4). The amino nitrogen content 
of all the treated cultures was significantly higher than that of the 
controls (Figure 5). 
The cyanobacterial cultures A. variabilis SAn, A. azollae 
AS-DS, N. muscorum SK and N. mllscorum DOH recorded a sig-
nificant increase in chlorophyll-a content on treatment with 
Bavistin (Table ]). However, there was no significant increase in 
C-phycocyanin content (Tabte 2). A. variabilis SAn recorded 
higher C-allophycocyanin and C-phycoerythrin content after 
treatment (Tables 3 & 4). but the other treated cultures showed no 
significant increase in phycobiliproteins. The carotenoid contents 
of the immobilized cultures are shown in Table 5. A significant 
increase in carotenoid content of A. variabilis SAl. A. awllae 
AS-DS, A. azol/ae SKo and N. muscorum SK was recorded due 
to Bavistin treatment. A. variabilis SAl and N. muscorum SK 
Table 4 Effect of Bavistin (5 p.p.m.) on phy-
coerythrin content in cyanobacteria immobi-
lized in polyurethane foam 
Phycoerythrin ( ~lg ml-I) 
Cyanobacterial cu ltures Control Bavistin 
Anabaena variabi/is SAo 5.0 7.0 
A. variabili.~ SA l 3.6 3.8 
A. al.o/lae AS -OS 4.6 4.8 
A. awllae SK (, 4.4 4.5 
NoslOC mUSctmllll SK 4.0 4.5 
N. muscorum DOH 4.5 4.8 
S tandard deviation: 0.42; crilical difference: 0.87 
S. Afr. 1. Bot. 1996.62(3) 
Table 5 Effect of Bavistin (5 p.p.m.) on car-
otenoid content in cyanobacteria immobilized 
in polyurethane foam 
Cya nobacleria l cu ltures Contro l Bavistin 
Anabaena variabiliJ SAo 4.06 4.09 
A. variabilis SAl 2.74 2.80 
A. alOllae AS-OS 3.48 4.05 
A. azollae SK fI 2.52 2.58 
NO-fIOC; mU,H;orum SK 2.98 3.07 
N. muscorum DOH 4.08 4.10 
Standard dev iation: 0 .02 ; critical difference: 0.04 
registered a significantly higher total carbohydrate content when 
simitarty treated (Table 6). 
Bavistin at approximately 5 p.p.m. was found to stimulate the 
nitrogenase activity in all the six immobilized cyanobacterial cul-
tures (Figure 6). A. azolJae AS-DS recorded maximum nitroge-
nase activity, followed by A. variabilis SAo (Tabte 7). 
Discussion 
The systemic fungi cide Bavistin had a stimulatory effect on 
ammonia excretion and growth in all the immobilized cyanobac-
terial cultures used in this investigation. Kannaiyan e/ at. (1993) 
demonstrated a 5· to lO-fald increase in ammonia production in 
immobilized cyanobacterial cultures treated with Benlate 
(methyl- t-buty l-carbamoyt-2-benzimidazote carbamate), a sys-
temic fungicide in a bioreactor system. It is interesting to note 
that in our study Bavistin inhibited the activity of glutamine syn-
thetase (GS), the primary ammonia assimilating enzyme. The 
excretion of higher ammoniacal nitrogen by the immobilized 
cyanobacteria might possibly also be due to the inhibitory action 
of Bavistin on GS enzyme activity. The excretion of ammonia by 
cyanobacterial cultures has been reported previously (peters e/ 
al. 1980; Meeks et al. 1985; Samal & Kannaiyan 1992) but the 
induction of ammonia excretion due to Bavistin has practical sig-
nificance in the rice field ecosystem. 
The increase in growth rate observed in Bavistin-treated cul-
tures may be attributed to the phytotonic effect of Bavistin. Kan-
naiyan (1989, 1992a) has shown a posi tive influence of Ben- tate 
Table 6 Effect of Bavistin (5 p.p.m.) on car-
bohydrate content in cyanobacteria immobi-
lized in polyurethane foam 
Carbohydrate (~g ml-I ) 
Cyanobacterial cultures Control Bavistin 
Anabaena variabilis SAo 72.22 8 l.tt 
A. variabilis SA l 92.22 lO5.55 
A. aZt/llae AS-OS 76.66 87.77 
A. azolfae SK" 83.35 86.00 
NOJlOc mUJcorum SK 87.77 lOl.t 1 
N. mUKorum DOH 83.30 85.55 
Siandard dev ialion: 3.94; critical difference: 8.13 
S. Afr. J. Bot.. 1996.62(3) 
Table 7 Effect of Bavistin (5 p.p.m.) on 
nitrogenase activity of cyanobacteria immobi-
lized in polyurethane foam 
Cyanobacterial cultures 
Anabaena variabi/i.f SAn 
A. variabilis SA ] 
A. llzollae AS·DS 
A. (lzollae SKI'. 
Nostor.: musc:orum SK 
N, muS(:orum DOH 
Nitrogemtse activity [nmoles 
ethylene produced h-I 
(mg dry weight)'l) 
Control Bavistin 
2678.82 3086.60 
1904.94 2226.40 
3571.76 3874.06 
1309.65 1454.75 
1492.70 1651.16 
2237.05 2417.55 
Standard deviation: 9.554; critical dlrference: 19.8 15 
in inducing the growth and nitrogen-fixing activity of Azalia spp. 
Growth rate induction in Azolla pinnata due to the granular 
insecticide carbofuran was reported earlier by Kannaiyan and 
Nandabalan (1985). Bavistin is used commonly in rice fields and 
its stimulation of cyanobacterial growth is significant for cyano-
bacterial survival and continuous nitrogen fixation in rice fields. 
The treatment of the cyanobacteria with Bavistin had a stimu-
latory effect on the nitrogenase activity. A similar increase in the 
nitrogenase activity in Azolia sp. treated with Benlate was 
observed by Kannaiyan (1992a). The increased growth and 
ammonia excretion stimulated by Bavistin treatment might be 
auributed to the increased nitrogenase activity. The immobilized 
cyanobacterial culture, A. variabilis SAo, treated with approxi-
mately 5 p.p.m. Bavistin recorded a 15.2% increase in the nitro-
genase activity over the control. Kanniliyan (1985) has reported 
that pesticide application is known to induce nitrogenase activity. 
The increase in nitrogenase activity was reflected by an increase 
in growth (6.80%) and ammonia release (200%). A concomitant 
inhibition in the acti vity of the primary ammonia assimilating 
enzyme, glutamine synthetase (21 %) is attributed to the in-
creased ammonia release. 
Treatment with Bavistin significant ly increased the protein 
and amino nitrogen content of the cultures, as well as their total 
carbohydrate content. It stimulated chlorophyll-a content in four 
of the six cyanobacterial cultures studied. Kannaiyan (l992a) has 
shown the stimulatory effect of Benlate on the chlorophyll con-
tent in two species of AzalIa. Treatment with Bavistin also had a 
positive influence on the carotenoid content of the cultures. 
Among the phycobiliproteins, Bavistin treatment resulted in a 
significant increase in the C-allophycocyanin and C-phycoeryth-
rin content of A. variabilis SAu. 
The systemic fungicide Bavistin is commonly used in rice 
fields for control ling diseases. Its stimulatory effect on ammonia 
excretion in immobilized cyanobacteria in the laboratory is sig-
nificant and the results may be extrapolated to field conditions. 
Bavistin will increase the nitrogen availability to the rice crop, 
and hence increase rice production. 
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